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We report a rare case of atrial oversensing by a VVI pacemaker that caused ventricular asystole.
Changing the programming to VVT mode not only eliminated the problem but also provided
atrioventricular synchrony and rate responsiveness.
& 2012 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.1. Introduction
Far-ﬁeld sensing of the atrial electrogram by a ventricular
inhibited (VVI) pacemaker is a rare but potentially catastrophic
phenomenon if there is no escape rhythm [1–3]. In this setting,
the tip of the pacemaker lead is usually located in close proximity
to the tricuspid annulus [1,2]. Of the several options available, the
triggered mode (VVT) might be most effective in select cases
[1–3]. In this report, we describe a patient in whom far-ﬁeld atrial
sensing by a VVI pacemaker led to ventricular asystole that
was successfully treated by changing the programming to the
VVT mode.2. Case report
A 61-year-old man with a history of ischemic cardiomyopathy
and congestive heart failure had undergone implantation of a
single-chamber pacemaker at an outside hospital for intermittent
complete heart block 1 year before his presentation at our
institution. The patient was hospitalized after he experienced an
episode of syncope. He developed complete heart block with no
ventricular escape rhythm (Fig. 1). Notably, there were no pace-
maker spikes and a pacemaker malfunction was suspected. A
12-lead electrogram showed sinus rhythm with a right bundle
branch block and an extreme left axis deviation, suggestive of art Rhythm Society. Published by E
ujimura).bifascicular block. A radiograph of the chest indicated that the tip
of the pacemaker lead was located near the tricuspid annulus
(Fig. 2).
Interrogation of the pacemaker revealed a Medtronic single-
chamber pacemaker (model number 8340) programmed to a
bipolar VVI mode at a rate of 60 beats per minute with a
sensitivity of 1.25 mV and a ventricular refractory period of
325 ms. Lead impedance (Medtronic bipolar passive-ﬁxation lead:
model number 4024) was measured at 509O. The intracardiac
marker channel indicated that the ventricular pacing lead had
detected atrial activity. The measured P wave amplitude was
2.5 mV. There were no R waves. Since the patient was unstable
with worsening congestive heart failure, the pacemaker was
reprogrammed to the VVT mode with a rate of 60 beats per
minute and a sensitivity of 1.25 mV. With this setting, the pace-
maker showed ventricular pacing after each of the sensed P
waves; it increased the ventricular rate and atrioventricular
(AV) synchrony (Fig. 3A and B). VVT pacing with intermittent
failure of atrial sensing and adequate ventricular sensing is shown
in Fig. 3C. This resulted in a pacing spike with either the P or R
wave. The sensitivity was set at 2.5 mV. After adjusting the
ventricular sensitivity to 1.25 mV, no further sensing problems
occurred.3. Discussion
Far-ﬁeld sensing of the atrial electrogram by the ventricular
lead is a rare but potentially serious complication of a VVIlsevier B.V. All rights reserved.
Fig. 1. Ventricular asystole due to oversensing of atrial electrogram in a VVI
pacemaker. Arrowheads represent P waves. Note that there were no pacemaker
spikes. The paper speed was 25 mm/sec.
Fig. 2. Inverted chest X-ray image showing the tip of the pacemaker lead placed in
the right ventricular inﬂow close to the tricuspid annulus (1). A temporary
pacemaker lead (2) was placed in the right ventricular apex.
Fig. 3. Far-ﬁeld sensing of atrial electrogram by VVT pacing. Note that the atriovent
ventricular rate from 75 to 100 beats per minute (panels A and B). Panel C shows the d
beats); however, ventricular sensing was maintained, thereby eliciting a pacemaker spi
sensing. V1, V2, V3, and II represent the surface electrocardiographic leads. The paper
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phenomenon has usually been noted in a pacemaker where the
tip of the pacing lead is located near the tricuspid annulus, as was
seen in our case (Fig. 2). It has also been noted in bipolar as well
as unipolar lead pacemakers.
Treatment options include applying a magnet over the pace-
maker generator, changing the programming to the asynchronous
or triggered mode, and decreasing the sensitivity [4]. However,
only a few case reports of the effectiveness of the VVT mode in
this setting are available [1–3].
The VVT mode is similar to the VVI mode in that it delivers a
stimulus at a lower rate interval if no spontaneous ventricular
activity is detected. When there is a spontaneous ventricular
complex, the pacing spike comes with the QRS. There is an upper
rate interval beyond which sensing is lost. VVT pacemakers are
seldom used, primarily because of battery drainage. They were
initially developed to solve the issue of external interference in
patients with no intrinsic rhythm. In contrast to the VVI or VOO
mode, the VVT mode can offer rate responsiveness and possible
AV synchrony in the case of atrial oversensing. The AV interval
depends on the timing of atrial sensing by the VVI pacemaker
[1–3].
Our patient had an AV interval of approximately 100 ms,
reﬂecting the sensing of low atrial activity. The upper rate in
the VVT mode is usually factory set and not programmable.
However, it can be modiﬁed by programming the ventricular
refractory period if necessary. This pacemaker had its upper ratericular interval was constant at approximately 100 ms, leading to an increase in
evelopment of an intermittent atrial sensing failure (ﬁrst, second, ﬁfth, and sixth
ke within each QRS complex. The third and fourth beats show ‘‘appropriate’’ atrial
speed was 25 mm/s.
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refractory period setting of 475 ms, the upper limit was set to 126
beats per minute.
The P-triggered VVT mode is dependent on appropriate sen-
sing of the P wave. Fluctuations in P wave amplitude, as seen in
Fig. 3C, or during atrial ﬁbrillation might result in undersensing of
the P wave. In this scenario, triggering by the R wave ensues if its
amplitude is adequate. If the small R wave causes undersensing or
if no R wave occurs, pacing will be at a low rate interval. As with
the DDD mode, VVT may not be suitable in patients with frequent
atrial tachycardia. It is not clear if this mode of AV synchrony can
offer better hemodynamic effects.
In summary, we described a case of pacemaker malfunction
caused by far-ﬁeld atrial sensing in a VVI pacemaker. Changing
the programming to the VVT mode not only eliminated ventri-
cular asystole but also offered potential AV synchrony with
rate responsiveness. Thus, this option should be considered ifoversensing of the atrial electrogram is clearly demonstrated in
VVI pacing.Conﬂict of interest
None.
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